hematocrit and CBF, presumably due to alterations in ar terial oxygen content and blood viscosity. Newborn CBF varied independently of systolic blood pressure between 60 and 84 mm Hg, suggesting an intact cerebrovascular autoregulatory mechanism. These results indicate that at least two of the factors that affect newborn animal CBF are operational in human newborns and may have impor tant clinical implications. Key Words: Blood pressure Hematocrit-Intra ventricular hemorrhage-Newborn CBF- the effect of variations in arterial blood pressure and hematocrit on newborn CBF.
MATERIALS AND METHODS
Fifteen babies born at the Hospital of the University of Pennsylvania with evidence of perinatal asphyxia (5-min Apgar score <5. need for sustained vigorous resuscita tion in delivery room . or evidence of severe fetal dis tress) . a birth weight less than 1,700 g. and an estimated gestational age less than 34 weeks were studied. The mean birth weight was 1,345 g (range 1.120-1,700 g); the mean gestational age was 31 weeks (range 29-34 weeks).
To eliminate acute changes in CBF related to perinatal asphyxia or normal physiologic variations in the imme diate postnatal period, CBF was measured when the babies were at least 3 days old; the mean postnatal age was 3.7 weeks. At the time of the study. the infants were stable medically, had normal respirations, were breathing room air, and were not receiving phenobarbital, theoph ylline, or any other medication known to alter CBF. CBF was measured at least 1 h after their last feeding to elimi nate postprandial changes in CBF. Babies were awake throughout the CBF study. The babies were followed closely during their hospitalization and did not have any clinical evidence of neurologic problems, but cranial ul trasound, computerized tomography. or electroencepha lography were not performed on all babies. The study was approved by the University's Committee on Studies Involving Human Beings, and informed consent was ob tained from the parents. The results from these infants were included in a previous publication on newborn CBF methodology (Younkin et al.. 1982) .
None of the babies had an arterial catheter, so arterial blood gases were not measured and direct measurement of arterial blood pressure was not possible. A nasal can nula was used to measure expiratory CO2, but an ade quate end-tidal CO2 sample was not always obtained due to relatively rapid, shallow newborn respirations. There fore, we could not evaluate newborn CO2-CBP reac tivity. Systolic blood pressure (BP) was determined with a Doppler technique (Dynamap) immediately before and after the CBP measurement. Infants with greater than a 5 mm Hg difference in pre-and post-CBP BP were ex cluded from the analysis. Heart rate, respiratory rate, and skin temperature were monitored throughout the study. A complete blood count was obtained at the con clusion of the study, and the hemoglobin was used to es timate the partition coefficients of grey and white matter (Mallett and Veall, 1965; Hoedt-Rasmussen et aI., 1966) .
Hematocrit and blood pressure were not altered for this study.
Our method of estimating neonatal CBP was described previously (Younkin et aI., 1982) . The baby was trans ported in an infant transporter to the CBP lab and stabi lized on an infant radiant heat warmer. To prevent excess movement, the baby was swaddled in an infant blanket.
NaI crystal scintillation detectors with I-inch long x
O.75-inch diameter lead collimators were placed perpen dicular to the skull. A O.5-inch NaI crystal scintillation detector with a 1.5-inch long x 0.5-inch diameter lead collimator was positioned over the right inferior lateral thorax. The chest detector touched the skin, but did not interfere with normal respirations. 133Xe in physiologic saline (�O.5 mCi/kg) was given as a small intravenous bolus «2.0 ml). Cephalic and ex ternal chest uptake and clearance of 133Xe were measured for 15 min. Arterial 133Xe concentration was estimated with an external lung detector, as described by Jaggi and Obrist (1981) , and was used to correct for 133Xe recircula tion. The CBP indices were calculated using Obrist's two-compartment program (Obrist et aI., 1975) . To re duce the amount of extracerebral contamination of ce phalic clearance curves, curve fitting ended at II min.
Statistical analysis
CBP results from cephalic detectors were averaged to provide a single CBP result for each baby. Linear regres sion analysis was used to measure the effect of BP and hematocrit on newborn CBF.
RESULTS
CBF was estimated in two cerebral compart ments. The mean F I , representing flow in the faster clearing or grey matter compartment, was 87.5 ± 5.1 ml 100 g-I min-I (mean ± SEM). The mean F2,
representing CBF in the white matter and extrace rebral tissues, was 17.2 ± 0.8 ml 100 g-I min-I .
The hematocrit varied from 24 to 48% (mean 36%). Within this range, there was a highly signifi cant (p < 0.001) inverse correlation between CBF (F I ) and hematocrit ( Fig. 1 , Ta ble 1). As illustrated in Fig. 1 , every 5% increase in the hematocrit caused F I to decrease by 11.0 ml 100 g-I min-I .
There was a significant correlation between hemat- Variation in CBF (Fl' F2, IS, ISIR, CBF I S ) was independent of systolic blood pressure between 60 and 84 mm Hg (Fig. 2 , Ta ble I).
DISCUSSION
Cerebral circulation in neonatal animals is under well-defined homeostatic controls that maintain a , 1986) . Several reports support one or the other mechanism, but a recent study by Hudak et a!. (1986) concluded that this effect is mediated by both factors. As the babies in our study were stable, did not have any evidence of respiratory problems, and did not require supplemental O2, we can conservatively estimate hemoglobin oxygen saturation at 90% and can assume that there was little variation between babies. Using this estimate and the measured hemoglobin concentration (8.5-16.5 g/dl) results in an arterial oxygen content (Cao2) that varies from 10.6 to 20.6 ml 02/dl blood.
IN NEWBORN INFANTS
To maintain constant cerebral oxygen delivery de spite the differences in Cao2, CBF would have to double. In fact, CBF increased by 85% (65.6-120.7 ml 100 g-I min -I ) . Of course, blood viscosity will also vary, but most studies indicate that alterations in newborn hematocrit below 60% have little influ ence on blood viscosity (Kontras, 1972; Riopel et a!., 1982; Rosenkrantz and Oh, 1982) , and the max imum hematocrit in our study was only 48%. Al though we did not measure Cao2 or blood viscosity, we assume that Cao2 was the major factor, with vis cosity being a less important factor in hematocrit induced changes in newborn CBF.
Hematocrit-induced changes in newborn CBF may be involved in the pathogenesis of neonatal in traventricular hemorrhage. Preterm infants with a birth weight less than 1,500 g have a 45% incidence of intraventricular hemorrhage in the first few days Both compartmental ( F I ) and noncompartmental (IS, ISIR, CBF 15) CBF indices had a significant in verse correlation with hematocrit. However, the slope of the linear regression line was less for mean CBF indices. CBF in the slow clearing compart ment (F2) did not correlate with hematocrit, pos sibly due to the contribution from skin and subcuta neous tissue. This may also be due to immaturity, with less myelination and fewer dendrites, axons, and glia in the newborn nervous system. Measurement of CBF with the two-compartment CBF model that we used requires clearly separate blood flow compartments (Obrist and Wilkinson, 1980) . Greisen and coworkers (1984b) recently re ported an analysis of the two-compartment CBF model in infants. In small babies with significant right-to-left cardiac shunts and other medical problems, there was considerable "slippage" be tween the first and second compartments; however, in older, more stable infants, this was not a major problem. Our patients fall into the second group, and we do not think that "slippage" was a major problem or was causally related to the correlation between CBF and hematocrit. If it had contributed significantly, we would have expected a significant relationship between hematocrit and WI and would not have expected hematocrit to correlate with noncompartmental CBF indices.
CBF autoregulation has also been studied in newborn animals. Hernandez et al. (1980) reported that the autoregulatory plateau of newborn puppies extended from a mean arterial blood pressure of ap proximately 27 -97 mm Hg; beyond these limits, CBF varied directly with mean blood pressure. The absence of autoregulation was demonstrated in babies with respiratory distress (Lou et aI., 1979) and has been implicated in the pathogenesis of in traventricular hemorrhage (Goddard, et aI., 1980) . Autoregulation has not been examined previously in healthy babies. Without autoregulation, blood pressure would directly affect CBF. As we did not find such a significant correlation between blood pressure and CBF, we conclude that stable pre term babies have an intact autoregulatory mechanism and that fluctuations in blood pressure between 60 and 84 mm Hg do not int1uence newborn CBF. It is probable that the limits of human newborn cerebro vascular autoregulation are much greater, but we were unable to estimate their exact extent.
A detailed investigation of the effect of hemato crit and blood pressure would require repeating CBF measurements after varying these factors, which cannot be justified in babies. Therefore, it is only possible to indirectly assess the physiologic control of newborn CBF. Indirect assessments must be interpreted with care. Even with this caveat, the data that we have reported indicate strongly that hematocrit is an important factor affecting human newborn CBF, but that modest variations in sys tolic blood pressure do not affect CBF in healthy newborns, presumably due to intact cerebrovas cular autoregulation.
